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The highcapacityof each
beams on the populatedareas
advantage in the deliveryof its

SPACEWAV satellite is focusedthroughthe spot “
of the worldthereby creatinga significantcost
telecom services. The flexibilityof applications

available throughSPACEWAV’M is achieved throughits broad range of data rates and
is illustratedin Figure 1A.

The SPACEWAW network is differentfrom other proposedglobalnetworksin
that its geostationaryorbitlocationmakes it a trulymarket drivensystem: each satellite
will make available extensive telecom services to hundredsof millionsof people within
the continuousview of that satellite, providingimmediatecapacity withina specific
regionof the world. SPACEWAVM will be implementedin a phased, regional
approach beginningin 1998, expanding into a network of four interconnectedregional
systems: (i) NorthAmerica, (ii) Asia Pacific (iii) Central/SouthAmerica, and (iv)
Europe/Africa. The SPACEWAY~ networkwill providein each of these regionsthe
same low-cost,ubiquitouscommunicationsservices at data rates up to multiple
megabits per second,while also providingworldwideconnectivity.

In developingcountries,SPACEWAY~ willoffer essential domesticand
internationaltelephone and facsimile servicesthat will be seamlessly integratedinto
the publicswitchedtelephone network(“PSTN”). SPACEWAY~ will offer high
bandwidthsetvicesfor a variety of consumerand businessapplications,bothfor
countrieswith existingtelecom infrastructuresand those with emerging needs for
advanced services.

Figure2 depictsthe phased regionalimplementationof the SPACEWAVM
network. The firstsatellitesin the SPACEWAY~ networkwill be operationalin 1998.
Each regionalsystemwill includetwo satellites. Our system plan accommodatesthe
growthfor up to four satellitesper region. For these reasons, Hughes believesthat
the
the

SPACEWAP networkwill become an essential element in the
Global InformationInfrastructure(GM)by the turn of the century.

establishmentof
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Fig. 2. Spaceway Global Network, Phase 1 (initial operating capability by
2000), showing orbital locations.
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This innovativeall-digitalnetworkwill utilize state-of-the-art advances in satellite
technologyto providefull duplex interactivecommunicationsthroughoutthe world.
Its features includeon-boardsignal processing,on-board switching,small, easily
installedgroundterminals,and digitaltransmissionsat a variety of data rates.

A key componentof the system architectureis the Ka-band spot beam network.
This technologywillallowthe use of extremely small end user terminals
(approximately66 cm) and providea highdegree of spectrumefficiency. Each spot

beam nominallywill use 125 MHz of bandwidth. Narrow spot beams (about 1°) with a
footprintapproximately650 km. in diameter willcover most of the populatedworid land
mass. The satellitedesignwillpermitreuse of frequenciesup to twelve times. Thus,
the 500 MHz of spectrumutilizedby each satellitewill result in an effective 6 GHz of
useful bandwidthper satellite.

The systemallowssymmetricand asymmetricdata communicationsat
transmissionrates from 16 Kbpsto 384 kbps, depending upon user requirementswith
the standard 66 cm terminal. Multi megabitper second applicationscan be
accommodatedwith the SPACEWAP optionalbroadbandterminal.

Each satellitewill utilizea state-of-the-arton board switch/processorto provide
individualend userswith immediateaccess to the space segment, and to route
transmissionswithinand between appropriatedestinationspot beams. This “on
demand”satelliteservice willbe competitivelypriced with many basic terrestrial
telephone sewices especiallyin remote and undersexed areas, where basic
telephone sewices are neithereconomicallyfeasible noravailable. In addition,the
useof off-the-shelfdigitalvideocompressionequipmentor optionalcodecsbuiltinto
the eatihterminalswill allowend usersto utilizea highquality,two-wayinteractive
videotelephonyservice. Availabilityof suchteleconferencingfacilitiesat lowcost
shouldhelpunderservedcountriesimprovethedeliveryofvital services such as
health care and education.

SPACEWAP willoffer a dramaticadvancement in the functionalityand
affordabilityof businessnetworksrelativeto today’s VSAT capability. Forbusinesses,
the SPACEWAP USATbothadvancesthe state-of-the-artinVSATnetworking,and
bringssatellitetechnologytotheeconomicthresholdof a greateruniverseof
customers.SPACEWAW’MUSATSoffercompletemeshconnectivitywithouttheneed
forexpensivehubs: inessencea “hubless”network.Thus,throughlowcostUSATS,
smaller businesses-- for whom today’sVSATSare unaffordable- cantakeadvantage
ofsatellitenetworkingwithoutrequiringa largenumberofsitesto amortize hubcosts.

..&
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SPACEWAV will accommodate most conventionalVSAT applications,
includingretail point-of-saletransaction processing,on-line resewations and
inventory/pricinginformationupdates. In addition,SPACEWAP willoffer a variety of
wideband services includingvideo telephony and conferencing (allowingmultiple
meeting sites and interconnectionwith terrestrialvideoconferencingequipmentand
services), telecommuting(home computerto office LAN connection),medicaland
technical tele-imaging, and CAD/CAMdata and image transmission.

With its smallsize and low cost, the SPACEWAY~ USAT willmake the benefits
of satellitecommunicationsreadily accessibleto consumers. It is anticipatedthat
consumerswill use SPACEWAY~ for basic telephony and data communications,
personalvidotelephonyand high speed personal computeraccess to on-line services
(such as CompuServeand Prodigy),as well as two-way interactiveaccess to the wide
array of multimediainformationand entertainmentsewices currentlybeing developed
for the “informationsuperhighway”of tomorrow. The affordabilityof the SPACEWAV’M
terminalwill permit advanced telecommunicationsand media industriesto reach an
even wider audience.

The SPACEWAP network representsa giant stridefotward for the transmission
of data. The incorporationof on-board satelliteswitching/processing,multi-spotbeam
coverage, and advanced ground terminal semiconductortechnology,will allow small,
inexpensiveend user terminals, immediateand on-demand access to space segment
and very fast data transmission. For many applications,such as sendingmedical
images (x-rays) to and from remote clinics,shorttransmissiontime is critical. The
SPACEWAP networkcan dramaticallyreduce the retransmissiontime of important
data by providingtransmissionat rates more than 150 timesfaster than conventional
telephone lines. The followingchart displaysthis relationshipbetween time,
informationcontent and bandwidth.

IMAGE INFORMATION ORDINARY SPACEWAY~ SPACEWAY=

CONTENT PHONE LINE 384 laps 1.5 MBPS
. (’TI)

Digitized 1.0 megabit 1.7 min. 2.6 sec 0.7 Sec

Photo

CAD/CAM 2.0 megabits 3.4 min. I 5.2 sec I 1.4 Sec

CT Scan 5.2 megabits 9.0 min. 13.5 sec 3.4 Sec

X-Ray 12.0 megabits 21.0 min. 31.3 sec 7.8 SeC

—
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In sum, the on-demand high-speeddata transmissioncapabilityof the ‘
SPACEWAY~ networkwillfacilitatean array of applications. In additionto those
described above, many others could be made available throughthird-partyservice
providers. .. --

The SPACEWAYTMnetwork will provideinterconnected,bandwidthon demand
servicesto virtuallyevery populatedarea of the world. In this regard,the sewice area
of the SPACEWAP networkis similarto that of many of the lowearth orbit(“LEO”)
satellitesystemsthat have been proposed. The SPACEWAW networkis different
from these LEO systems in two significantrespects:it is more spectrallyefficientand it
will not forestallthe developmentof other geostationarysatellitesystems usingthe Ka
band at other orbitallocations. It is a geostationarysatellitesystemthat operatesfrom
a total of six orbital locationsand complieswiththe UnitedStates Federal
CommunicationsCommission’s2° spacingpolicies. Thus, it is anticipatedthat it will
be compatiblewith any other Ka band FSS systemthat may operate at any other
geostationaryorbitallocationthat is at least 2° away. Assuminguniform2° spacing
around the world, making 180 orbitalslots available,the 2.5 GHz that has been
proposedfor SPACEWAV couldbe reusedto effectivelyprovide435 GHz of Ka
band spectrumfor other satelliteservices. No LEO systemthat has been proposedto
date has offeredthis type of an opportunityfor frequencyreuse. In sum, unlikeLEO
satellitesystemsthat have been proposedat Ka band, the SPACEWAV’M network
supportsthe entry of multipleservice providersat all or part of the 2.5 GHz that is
available at Ka band.

—

2. Dace Seament Characteristics –

The deploymentof the multibeamsatellitesat geostationaryorbitwill be
accomplishedon a phased regional implementationand is illustratedin Figure 2. The
proposedassignment of frequenciesand polarizationsto satellitebeams, the
geographiccoverage providedby these beams, and a descriptionof the other satellite
parameters are given below.

2.1 Freauencv and PolarizationAssianments

l%e SPACEWAYTMglobalnetworkwill utilizethe 17.7 to 20.2 GHz portionof the
Ka band for space-to-Eatih (downlink)transmissions,and the 27.5 through30.0 GHz
portionof the Ka band for Earth-to-space(uplink)transmissions.This spectrumhas
been allocated on a worldwidebasis for the Fixed-SatelliteService (“FSS”).

The frequency plan for the SPACEWAP networkis presentedin Figures3 and
4.
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Fig. 3. Spaceway spectrum utilization in North America.
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Fig. 4. Spaceway spectrum utilization in Central and South Amerim, Europe,
Africa, and Asia Pacific.

58



The plan for the four satellitessewing the NorthAmerica region is depicted in
Figure 3. Satellites 1 and 2 willoccupythe 101° W.L. positionand will each employ
500 MHz of bandwidth. NorthAmericansatellites3 and 4 will be located2° away at
99° W.L. and willemploy preciselythe same spectrum as North American satellites 1
and 2. North Americancoverage is providedby two satellitesat each of 101° W.L. and
99° W.L. By placingtwo satellitesat each of these locations,and usingthe same 1000
MHz of spectrumat each location,the systemwill have sufficientcapacityto provide
the full range of proposedsatelliteservices.

Each of the four NorthAmericansatelliteswill providea total of forty-eight125
MHz spot beams (24 beams used on oppositecircularpolarizations)for uplinkand
downlinktransmission. In thisway, each satelliteeffectivelyreusesthe 500 MHz of
spectrumassignedto it about 12 times..

Each of the otherthree regionsis supportedby a constellationof four satellites
that will use the full2.5 GHz of spectrumat a commonorbitpositionas illustratedin
Figure4. This willallow any subscriberwithinany of these regionsto use a single
earth terminalto access capacityon any of the four satellitesat that orbitalposition. In
each region,satellites1 and 2 are identicalin frequency plan to their counterpartsin
North America and dividetheir 500 MHz intoforty-eight125 MHz spot beams in a
manner similarto that shownin Table 1. However, satellites3 and 4 in each region
are assignedtwo different500 MHz band segmentsso that they may be co-located
with satellites 1 and 2.
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2.2 earn Coveraae Areas

The proposedsystem will provide spot beam coverage of all inhabitedland areas
of the world. An eight satelliteconstellationprovidesservice to 90Y0of the world’s
population. Figure5 depictsthe four regionsof coverage by the SPACEWAYW
system.The two satellitesper regionprovidehigh EIRP and G~ coverage to allowthe
use of small inexpensiveearth terminals.
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2.3 Satellite Characteristics

The on-orbitconfigurationof the satellitesis illustratedin Figure 6, and the major
spacecraft characteristicsare given in Table 1. The launchweight budget is presented
in Table 2. The satellite receiverand transmitterparameters are given in.Tables 3 and
4.

Table 1: Major Spacecraft Characteristics

Gene@
Spacecraftbus HS-601

Stabilization
Transferorbit Spinstabilization “
On-station 3 axis.momentumbias

Missionlife 15years

Eclipsecapability 100 percent

Stationkeeping
North-South(orbitalinclination) *o.05°
East-West(longitudinal) *o.05°

Antennapointing
Normal(Precisiontwo-axisRFbeacontracking) @lo N-SandE-W

I Backup(Earthsensor) @12°N-SandE-W

Beamrotation(antennaaxisattitude) &0.25°

Numberofcommunicationsbeams 48
(Satellites1 and2 overeachregion)3

Communicationsbeambandwidth 125MHz

Transmitterredundancy 64 for48

Communicationschannelreceiveflux -182.6dBWl(r#Hz)
densityperHz (narrowbeams,edgeofcoverage)

Communicationschannelreceiveflux -194.1dBW/(r#Hz)
densityperHz (widebeams,edgeofcoverage)

I
...n ~mon~

(Spuriouslevelbelowunmodulatedpower)

I Frequencyoffsetby50%- 10(Y%OofBW <-65 dBc

I Frequencyoffsetby100Yo-250%ofBW ~-65 dBc

Frequencyoffsetby> 250%of BW <-65 dBc

..*

1
3 Satellites3am 4ineachregionwillhaveadditionaln~Ow SpOtbeWK3d as ITWlyasfiiewideWJt *.

However,only48 beamsintotal,eithernarroworwide,willbeaddressableatanytime.
62



Table2 LaunchWeightBudget

Category Weight,Lb.
Spacecraftdry 3785
10 yearorbitsustenancepropellant 883
Beginningof life(subtotal) 4668
Transferorbit 3159

TotalseDaratedweiaht 7827

Table3 SatelliteUplinkW Budget

NarrowSpotBeam
Peak EdgeofCov.

[
Antennaaain (db) 46.50 41.50

I Systemnoisetemperature(dBK) 27.60 27.60 I
G/T (dB/K) 18.90 13.90 I

Table4 SatelliteDownlinkEIRPBudget

I 1 NarrowS~otBeam
I Peak I EdgeofCov.

1
Amdifieroutrwtpower(db) I 13.01 I 13.01

ReDeateroutDutlosses(dB) I 0.50 I 0.50

Antennagain(dB) 46.50 41.50

EIRP(dBw) 59.01 54.01

3. roundSeamentCharacteristics

3.1 SATS

-.

—

The SPACEWA~ groundterminalwillcoverthe rangeofcommunications
requiredbythelate1990’s;namelyefficientandlowcosttelephonyforareasofthe
worldwithemergingtelecominfrastructurerequirementsas wellas
multi-mediarequirements.

broadbandwidth
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The SPACEWAY~ groundterminal is a multi-mediaultra small aperture terminal
(USAT) configuredto enable directexchange of packets with ATM type devices.
Packets from video, voice and data inputsare assembled and transmitted in data
burstsof up to 384 KBPS and receivedat TDM packet rates of up to 92 MBPS. The
system with optionaluplinkterminalsenables efficienttransmissitmof both on-
demand circuit-switchedsewices such as ISDN, Tl, and fractionalTl, and packet-
switched servicessuch as frame relay and X.25.

The SPACEWAW system will incorporatetwo types of groundcommunications
equipment: (i) end user USAT terminalsand (ii) terrestrialnetwork interfacesor
gateways. The terminalswill accommodatebi-directionaltransmissionsfrom 16 Kbps
up to 1.5Mbps (TI) rates, usingantennas rangingfrom 66 centimetersto 2 meters in
diameter. However, virtuallyall mass market subscriberswill utilizethe 66 cm USATS
which will be mass producedand easily installed.

Larger SPACEWAP groundterminals,or gateways, can supportmultiple
carriers for much highertransmissionthroughout. Gateways are intendedto provide
interconnectionbetween the globalsatellitesystem and the terrestrial publicswitched
telephone network (PSTN), and will be strategicallylocatedto interface with
inter-exchange and local exchange commoncarriers in the U.S. and
telecommunicationsoperators in variouscountriesthroughoutthe world.

Through on-boardsatelliteswitchingand gateway earth stationsthat provide
terrestrial interconnection,the systemarchitecturewill allow end usersthe greatest
possibleflexibilityin makingconnectionsto each other. The system will allow both
“private”networkand “open”networkcommunications. Private networkscan be
created where end-user terminals in a pre-defined“community”communicatewith
each other directlyvia a SPACEWAV satellite,with or withoutconnectionto the
PSTN. Open networksallow systemsubscribersto connectwith any other subscriber
or with any other personor entityserved by the PSTN througha SPACEWAV
gateway.

The vast majorityof the transmit/receiveearth stationsused to communicatewith
the globalsystemwill be owned by the end usersof the service. It is anticipatedthat
when fully deployed, the network willserve more than five millionsubscribersaround
the world, each of whom will own an earth terminal.

3.2 Availabilityand Rain Attenuation
.

.

In almost ail areas,of the worldSPACEWAW providesavailabilitiesgreater than
99 YO with a standard ultrasmall apertureterminal (USAT) that includesa compact
66 cm antenna operatingat a burstrate of 384 kbps. lhe SPACEWAP system
offers a range of terminal optionsthat achieve availabilityz 99.5 ?40anywhere in the
world. SPACEWAP incorporatesuplinkpower controlto maintaincontinuous
sewice through moderate rain.
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Ka-band is susceptibleto rainfades that reduce availabilitystatistics,but rain “
fades have a time character that is unlikean outage due to equipmentfailure or cable
damage - which is the normal modelfor outages in terrestrialnetworks. NASA data on
Ka-band propagationshowsthat rain fades are typicallya few minutesdue to the
passage of a ‘raincell’. (Rain cells, whichspan about a kilometer,are burstsof heavy
rain in a thunderstorm.) A few minutesof outage, after whichservice resumes
unaffected,has very differentconsequenceson an operatingenterprisethan the
potentialfor hoursof outage to carry out repairsnormallyassociatedwith outages of
terrestrialsystems.

The SPACEWAY~ systemavailabilityhas been evaluated over a wide range of
geographicallocationsusingthe Crane2 Rain model. In the United States the
predictedlinkavailabilityrangesfrom 99.1 YOin Miami to 99.97?40in Denver. The
resultsfrom analysesfor selected cities in the Asia Pacific regionare summarized in
Figure 6. The SPACEWAP availabilitiesshown in this figure. includeboththe
standard USAT with a 66 cm antenna and availabilityimprovementspossibleby using
either a higher power uplinkamplifieror slightlylarger antenna. SPACEWAW will
offer these optionalUSAT configurationsso that users in the heavy rainfallareas of the
worldmay have access to availabilityof at least 99.59&.

.-

2 Robfi K.Crane,PredEtionsof~on bvR.
~ IEEETransactionsonCommunications,vol.

COM-28,no9, September1980,pp. 1717-33.
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4. Link Performance Oble
●

ctives and Power Budaets

4.1
.

ommumcation Links

Communicationsetvices will be providedat rates from 16 Kbpsto 1 Mbps
(TI). User terminalswill have the capabilityto transmitand receive via 66 cm to 2 m
aperture antennas withtransmitpowersthat rangefrom O.lW to 2.0 W transmitpower,
dependingon data rate and the amount of uplinkpower controlused to compensate
for rain attenuation. Up to 240 simultaneous384 Kbps uplinksignalsmaybe
supportedin each beam for a data throughputof 92 Mbps per polarizationper beam
per satellite. With twelve-foldfrequency reuse, the total data throughputis 4.4 Gbps
per satellite.

The systemperformanceobjectiveis a biterror rate (“BER”)of 1O-1O.Because of
on-board demodulationand demodulationof the signal, performanceon the uplinkand
performanceon the downlinkare independent.Due to the error controlcodingused,
the bit energy levels requiredof the two linksare asymmetric. An E of 8 dB on
the uplinkand 5 dB on the downiinkare requiredto meet the targeted BER. Table 5
is a summary of the spot beam communicationperformanceparametersfor a data rate
of 384 kbps.

Table 5. ummatv of Spot Beam CommunicationPerformanceParameters

Performance requirement I B

Transponder bandwidth 125 MHz

Modulation Q
Uplink data rate 16 to 1,544 Kbps

Uplink channel bandwidth 500 to 2,000 KHz
Required uplink Eb/NO 8.0 dB

Downlinkdata rate ( b per polarization) 92 Mbps

Downlink c hb a1 M
R ed oE 5 d

E s td i6 c t 2 m

.-

..A

E s ta mpower 1.0- 2.0 w
Loss to a ni 0 d
E s tr es

n t e2 dBK

.

Tables 6 and 7 providesample linkanalysiscalculationsfor uplinkpeak and
edge-of-coverage paths and downlinkpeak and edge-of-coverage paths, respectively,
for the spot beams. Each table illustratesbothclear sky and rain conditions. These
calculationsassume 384 kbps sewice.
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able6. LhlinkPowerBudaets

PeakofCoverage --

Iear m
Transmitpower -9.73 dBW -3.01 dBW
Tramsmitlosses -0.50 dB -0.50 dB
Groundtransmitgain 44.45 dB 44.45 dB
Uplinkpathspreading -162.31 dBlMA2 -162.31 dB/rnA2
Upiinkeffectiveisotropicarea -50.85 dB/rnA2 -50.85 dB/mA2
Atmosphericioss -0.96 dB -0.96 dB
Uplinkrainioss 0.00 dB -8.77 dB
SateiliteGfl (peak) 18.88dB/K 18.88dB/K
Bitrate 55.87dBi+z 55.87 dB Hz
Boitzmann’sconstant -228.60 dBW/K/Hz -228.60 dBW/K/Hz
ThermaiEb/No 11.72dB 9.67 dB
Cross-polEb/No 17.45dB 17.45dB
Adjacentbeamco-poiEb/i 17.95dB 17.95ciB
Adjacentsystem(east)Eb/i 20.85 dB 20.85 dB
Adjacentsystem(west)Eb/i 20.85 dB 20.85 dB
TotaiEb/1 9.29 dB 8.00 dB

Edgeof Coverage

GM Rain
Transmitpower - 4.73dBW -3.01 dBW
Tramsmitlosses -0.50 dB -0.50 dB
Groundtransmitgain(EOC) 44.45 dB 44.45 dB
Uplinkpathspreading -162.31 dB/MA2 -162.31 dB/mA2
Uplinkeff. isotropicarea -50.85 dB/mA2 -50.85 dB/n@2
Atmosphericioss -0.96 dB -0.96 dB
Uplinkrainloss 0.00 dB - 3.77dB
SateiliteG/T 13.88dB/K 13.88dB/K
Bitrate 55.87dB Hz 55.87 dBHz
Boitzmann’sconstant -228.60 dBW/K/Hz -228.60 dBW/K/Hz
ThermaiEb/No 12.92dB 5.66 dB
Cross-poiEb/No 17.45dB 17.45 dB
Adjacentbeamco-poiEb/i 17.95dB 17.95dB
Adjacentsystem(east)Eb/1 22.79 dB 22.79 dB
Adjacentsystem(west)Eb/1 22.79 dB 22.79dB
TotaiEb/1 10.20dB 5.00 dB
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For 384 Kbps service usingnarrow beams, the maximumearth stationtransmitter
power is 1.0 W and is reducedto less than 0.1 W underclear sky conditions,as shown
in Tables 6 and 7.
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